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We reviewed post-operative complication and mortality rates from 1995 through 2014 and evaluated 
the changes in those rates across that 20-year period.  Two thousand and three hundred sixteen patients 
with lung cancer underwent resection at our institution between 1995 and 2014.  This timespan was 
divided into four 5-year periods.  Each patientʼs age,  Charlson comorbidity index score,  and extent of 
surgery in each 5-year period were summarized,  and the changes in these factors over the 20-year 
span were evaluated.  The complication and mortality rates were calculated for each 5-year period,  
and the changes in those rates over the 20-years were evaluated.  The number of patients with higher 
Charlson comorbidity index scores increased during the 20-year period.  Of the 455 patients who devel-
oped complications,  97 developed life-threating complications.  There were 16 post-operative deaths 
and 23 in-hospital deaths.  There were no signiﬁcant changes in the complication rate or mortality rate 
during the 20-year period.  Both rates were signiﬁcantly correlated with the extent of resection.  
Although the number of patients with comorbidities increased in the 20-year period,  the post-operative 
complication and mortality rates,  as well as in-hospital mortality,  did not change signiﬁcantly.
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S urgical resection is recommended as the treat-ment modality of choice for patients with Stage 
I and Stage II lung cancer,  as well as for some 
patients with stage IIIA disease.  However,  surgical 
resection carries some degree of surgical risk.  The 
reported post-operative mortality and complication 
rates after major pulmonary resection are approxi-
mately 1-2  and 17-40 ,  respectively [1-6].  On the 
other hand,  there have been major advances in surgi-
cal management techniques in recent years,  including 
the introduction of video-assisted thoracoscopic sur-
gery (VATS) in the early 2000s and the aggressive 
adoption of pulmonary rehabilitation,  which may have 
inﬂuenced post-operative complication and mortality 
rates associated with lung surgery.  In this study,  we 
reviewed the post-operative complication,  mortality,  
and in-hospital death rates after pulmonary resection 
for lung cancer at our institution and evaluated the 
changes in these rates over the 20-year period 1995 
through 2014.
Patients and Methods
　 This retrospective study,  based on a review of 
medical records,  was conducted with the approval of 
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our Institutional Review Board.  A total of 2,316 
patients with non-small cell lung cancer who underwent 
complete resection (R0) between 1995 and 2014 were 
enrolled.  Information from the medical records of the 
2,316 patients was carefully reviewed,  including age,  
sex,  smoking history,  ECOG performance status (PS),  
comorbidities,  cancer histology,  p-stage,  extent of 
surgery (partial resection/segmentectomy/lobectomy/
bilobectomy or more extensive resection),  and surgical 
approach employed (open thoracotomy/VATS).  The 
severity of comorbidities was scored according to the 
Charlson comorbidity index [7].  The medical records 
were also carefully reviewed to collect information on 
post-operative complications,  post-operative death,  
and in-hospital death.
　 The following post-surgical events were deﬁned as 
post-operative complication in this study:
　 1. Air leakage persisting for more than 7 days.  
Pneumothorax and subcutaneous emphysema requiring 
treatment were also included in this group.  2. 
Arrhythmia requiring treatment.  3. Pneumonia.  4. 
Atelectasis.  5. Chylothorax.  6. Bronchial ﬁstula.  7. 
Recurrent laryngeal nerve palsy.  8. Post-operative 
bleeding requiring reoperation.  9. Cerebral infarc-
tion.  10. Pyothorax.  11. Pulmonary embolism.  12. 
Acute exacerbation of interstitial pneumonia.  13. 
Others.  Complications considered life-threatening 
included pneumonia,  bronchial ﬁstula,  cerebral infarc-
tion,  pyothorax,  pulmonary embolism,  and acute 
exacerbation of interstitial pneumonia.
　 The 20-year study period from 1995 through 2014 
was divided into four 5-year periods: 1995-1999,  
2000-2004,  2005-2009,  and 2010-2014.  The 
patientʼs age,  PS,  Charlson comorbidity index,  extent 
of surgery,  and surgical approaches employed were 
summarized for each 5-year period,  and changes in 
patient background over the 20-year period were 
evaluated using the Cochran-Armitage test.  Changes 
in the overall complication,  life-threatening complica-
tion,  post-operative mortality,  and in-hospital mortal-
ity rates over the 20-year period were also evaluated 
using the Cochran-Armitage test.  Using the Cochran-
Armitage test,  the complication and mortality rates 
were also evaluated according to the extent of resec-
tion.
　 Post-operative mortality was deﬁned as death from 
any cause within 30 days of resection,  and in-hospital 
mortality was deﬁned as death within the same hospi-
tal admission.  Complex pulmonary resection,  such as 
pulmonary resection with bronchoplasty or vasculo-
plasty,  was included in the bilobectomy group or the 
more extensive resection group.  Statistical analyses 
were performed using JMP Ver. 10 (SAS Institute,  
Cary,  NC,  USA).  P values＜0.05 were considered to 
denote statistical signiﬁcance.
Results
　 The characteristics of the 2,316 patients are listed 
in Table 1.  The median age was 67 years (range,  18 
to 88 years),  1,312 patients were male,  and 1,302 
patients gave a history of smoking.  The most frequent 
comorbidity was chronic obstructive pulmonary dis-
ease (COPD),  followed by diabetes mellitus.  PS was 
0 in 1,815 patients,  1 in 159 patients,  2 in 14 patients,  
3 in 1 patient,  and unknown in 327 patients.  Partial 
resection was performed in 179 patients,  segmentec-
tomy in 278 patients,  lobectomy in 1,609 patients,  and 
bilobectomy or more extensive resection in 250 
patients.
　 Table 2 shows the changes in patient age,  PS,  
Charlson comorbidity index,  extent of surgery,  and 
surgical approaches employed over the 20-year period.  
While patient age and PS did not change over the 
20-year period,  the number of patients with higher 
Charlson comorbidity index scores who underwent 
surgery increased.  Furthermore,  the number of sub-
lobar resections,  including partial resection and seg-
mentectomy,  and the number of VATS performed also 
increased over the 20-year period.
　 Among the 2,136 patients,  455 (19.6 ) developed 
post-operative complications.  The incidences of indi-
vidual post-operative complications are listed in 
Table 3.  The most frequent post-operative complica-
tion was arrhythmia (5.1 ),  followed in frequency by 
prolonged air leakage (4.6 ) and pneumonia (2.4 ).  
Ninety-seven (4.2 ) patients were considered to have 
life-threatening complications.  There were 16 (0.7 ) 
post-operative deaths and 23 (1.0 ) in-hospital deaths.  
The changes in the overall complication,  life-threaten-
ing complication,  post-operative mortality,  and in-
hospital mortality rates over the 20-year period are 
shown in Fig.  1A and 1B.  There were no signiﬁcant 
changes in any of these 4 rates during the 20-year 
period (p＝0.433,  0.289,  0.549,  and 0.356,  respec-
tively).
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　 Table 4 shows the overall complication,  life-
threatening complication,  post-operative mortality,  
and in-hospital mortality rates stratiﬁed by the extent 
of resection.  The complication and mortality rates 
associated with partial resection were the lowest,  
while those associated with bilobectomy or more 
extensive resection were the highest.  Signiﬁcant 
positive correlations were observed between the 
extent of resection and the rates of complications,  
including life-threatening complications,  and between 
the post-operative and in-hospital mortality rates.
Discussion
　 Although the number of patients with more comor-
bidities undergoing pulmonary resection increased,  no 
signiﬁcant changes were observed in the incidences of 
post-operative complications,  including life-threaten-
ing complications,  or in the post-operative and in-
hospital mortality rates over the 20-year period.  This 
might be caused by comprehensive improvements in 
surgical interventions and perioperative management 
practices that were established during the 20-year 
period.  From the aspect of surgical approaches,  
VATS and sublobar resection were major advances.  
VATS was introduced in the ﬁeld of lung cancer sur-
gery in the late 1990s.  It has been reported that 
VATS is advantageous over open thoracotomy because 
of its minimal invasiveness,  which potentially decreases 
surgical stress and might be related to better out-
comes [8].  Sublobar resection is now applied aggres-
sively with curative intent in patients who are healthy 
and can even tolerate standard lobectomy,  whereas it 
used to be applied to patients with poor pulmonary 
reserve in an attempt to preserve residual pulmonary 
function [9-12].  Selective lymph node dissection was 
another advance in surgical technique.  Selective 
lymph node dissection is performed in patients with 
early lung cancer and is considered to contribute to a 
decrease in surgical stress [13-16].  From the aspect 
of nonsurgical management,  aggressive peri-operative 
pulmonary rehabilitation may have inﬂuenced the out-
comes.  Peri-operative pulmonary rehabilitation at our 
institution as started in 2009.  Before 2009,  the 
preparation for pulmonary resection was smoking ces-
sation only,  and pulmonary rehabilitation was per-
formed only in patients with poor pulmonary function.  
Since 2009,  all patients were intervened by physical 
therapists.  Furthermore,  more aggressive peri-oper-
ative pulmonary rehabilitation could be performed in 
patients with poor pulmonary function.
　 We compared the rates of post-operative complica-
tion between VATS and open thoracotomy,  between 
selective lymph node dissection and standard lymph 
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Table 1　 Patient characteristics
Age (median,  range) 67, 18-88
Male 1,312
Female 1,004
Smoking history
　Never 1,014
　Former 883
　Current 419
Comorbidity
　Chronic obstructive pulmonary disease 366
　Diabetes mellitus 219
　Cerebrovascular disease 121
　Ischemic heart disease/heart failure 102
　Peptic ulcer 21
　Liver cirrhosis (mild) 16
　Connective tissue disease 15
　Peripheral vascular disease 14
　Chronic kidney disease (moderate) 7
　Lymphoma 3
Performance status
　0 1,815
　1 159
　2 14
　3 1
　Unknown 327
p-Stage
　IA 1,256
　IB 490
　IIA 113
　IIB 164
　IIIA 238
　IIIB 48
　IV 7
Histological subtype
　Adenocarcinoma 1,760
　Squamous cell carcinoma 399
　Others 157
Extent of surgery
　Partial resection 179
　Segmentectomy 278
　Lobectomy 1,609
　Bilobectomy or more extensive resection 250
node dissection,  and between aggressive rehabilitation 
and no rehabilitation to try to identify each factorʼs 
inﬂuence on post-operative complications.  However,  
we could not identify signiﬁcant diﬀerences.  One 
major reason for this might be potential bias included 
in the patient backgrounds; for example,  patients who 
underwent VATS were diagnosed as having earlier 
disease stages than those who underwent open thora-
cotomy.  Another reason might be associated with the 
low incidences of post-operative complications.  
Individual factors,  such as aggressive rehabilitation 
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Table 2　 Changes inpatient age,  performance status,  Charlson comorbidity index,  and extent of surgery during the 20-year period
Years 95-99 00-04 05-09 10-14
Age p＝0.488
　＜75 175 (80.3) 399 (78.5) 550 (74.2) 662 (78.0)
　75 43 (19.7) 109 (21.5) 191 (25.8) 187 (22.0)
Performance status p＝0.140
　0 124 (89.2) 192 (91.9) 572 (92.4) 741 (88.2)
　1 15 (10.8) 17 (8.1) 47 (7.6) 99 (11.8)
Charlson comorbidity index p＜0.001
　0 168 (77.1) 385 (75.8) 514 (69.4) 513 (60.4)
　1 50 (22.9) 123 (24.2) 227 (30.6) 336 (39.6)
Extent of surgery p＜0.001
　Sublobar resection 22 (10.1) 101 (19.9) 109 (14.7) 225 (26.5)
　Lobectomy or more extensive resection 196 (89.9) 407 (80.1) 632 (85.3) 624 (73.5)
Surgical approach p＜0.001
　Open 144 (66.1) 132 (26.0) 238 (32.1) 166 (20.6)
　VATS 74 (33.9) 376 (74.0) 503 (67.9) 638 (79.4)
VATS,  video-assisted thoracoscopic surgery.
Table 3　 Individual post-operative complications
Number of patients with complications (%) 455 (19.6)
Arrhythmia 119 (5.1)
Prolonged air leakage 107 (4.6)
Pneumonia 55 (2.4)
Chylothorax 44 (1.8)
Atelectasis 21 (0.9)
Post-operative bleeding 25 (1.1)
Recurrent laryngeal nerve palsy 28 (1.2)
Pyothorax 8 (0.3)
Bronchopleural ﬁstula 7 (0.3)
Cerebral infarction 11 (0.5)
Pulmonary embolism 9 (0.4)
Acute exacerbation of interstitial pneumonia 8 (0.3)
Others 96 (4.1)
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Fig. 1　 A,  Changes in the post-operative complication rate over 
the 20-year period 1995 through 2014; B,  Changes in the post-
operative mortality and in-hospital mortality rates over the same 
period.
compared to no rehabilitation,  might not be strong 
enough to change the incidence rates signiﬁcantly.
　 In regard to bilobectomy or more extensive resec-
tion,  there were no signiﬁcant diﬀerences in the 
mortality rates between them,  while the incidences of 
complications associated with bilobectomy or more 
extensive resection were signiﬁcantly higher than those 
associated with lobectomy,  It is diﬃcult to explain this 
ﬁnding from our data,  but a possible answer might be 
improvements in the management of post-operative 
complications such as pneumonia and bronchopleural 
ﬁstula.  Such improvements in peri-operative manage-
ment might contribute to the stability of mortality 
rates despite the increase in post-operative complica-
tions.
　 Arrhythmia was the most frequent post-operative 
complication.  Its incidence decreased dramatically 
during the 20-year period (6.4  in 1995-99,  7.9  in 
2000-2004,  4.2 in 2005-2009,  and 4.0  in 2010-
2014),  which is not presented in Results.  Post-
operative arrhythmia is considered to be associated 
with 1) mediastinal lymph node dissection that 
destroys the cardiac vagus nerve endings and increases 
cardiac irritability [17],  2) an acute decrease of the 
pulmonary vascular bed,  which overloads the right 
heart system [18,  19],  3) inﬂammation that spills 
over to the right or left atrial appendage,  and 4) sur-
gical stress that induces catecholamine release [15,  
16].  Possible reasons for the decrease in the inci-
dence of arrhythmia over the years are the introduc-
tion of VATS and selective mediastinal lymph node 
dissection,  which are associated respectively with 
minimized surgical stress and the preservation of the 
cardiac branches of the vagus nerves.
　 In conclusion,  we have reported the rates of post-
operative complication,  post-operative mortality,  and 
in-hospital mortality following surgical treatment of 
lung cancer,  and the changes in these rates during the 
20-year period 1995-2014.  Although the number of 
patients with comorbidities who underwent pulmonary 
resection appears to have increased over the 20-year 
period,  no signiﬁcant changes were observed in the 
incidences of post-operative complications,  including 
life-threatening complications,  or in the post-operative 
and in-hospital mortality rates.  Signiﬁcant positive 
correlations were observed between the extent of 
resection and the incidences of complications,  includ-
ing life-threatening complications,  and both post-
operative and in-hospital mortality rates.
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